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David Steeves, Third Street Brewmaster, is interested in improving his 
brewing yeast in order to customize a new beer. One of the characteristics he 
wants to focus on is flocculation. Flocculation occurs when yeast cells stick 
together and either sink to the bottom or float to the top of the brewing tank (1). 
Higher flocculation results in a clear beer, while low flocculation results in a hazy 
beer. This can affect the taste and quality of the beer.
Multiple genes contribute to the levels of flocculation, but without the Flo11 
gene, flocculation cannot occur. The Flo11 protein is connected to the outside of 
the cell, and is most likely involved in the physical binding of the yeast cells (2). 
Flo11 is the most recently discovered flocculin gene and contains an 
uncharacterized domain (2,3). 
The Actin gene cannot be used to as identification gene between these brewing yeast strains. 
 The Flo11 domain was successfully captured in K-97 and BSI-550 while the US-05 and S-11 were unable to PCR correctly.
Many repeats are found throughout this gene making it difficult to PCR and sequence. 
 K97 and BS1 are more closely related to each other than to 288C.
Variations in the domain sequences could be contributing to different levels of flocculation between K-97, BSI-550, and 288C 
Gaps, in the Flo11 gene suggest insertions and deletions, and varying repeat sequences could be affecting flocculation.
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Research Question: Do variations in the Flo11 domain between brewing 
strains result in changes in flocculation?
Hypothesis: Genetic variations in the Flo11 domain may result in 
different levels of flocculation. 
Brewing Yeast Name Strain Name Flocculation BLAST Species DNA variant Amino Acid variant
German Ale K-97 High S. cerevisiae 2 0
Chico US-05 Medium S. cerevisiae - -
Belgian Ale BSI-550 Medium S. cerevisiae - -
French Saison S-11 Low S. cerevisiae 2 0
Control 288C None S. cerevisiae 0 0
Table 1. The Actin gene is conserved between five S. cerevisiae strains. PCR primers are as follows: Act-1 
(TGGGACGATATGGAIAAIATCTGGCA) and Act-4R (TCITCGTATTCTTGCTTIGAIATCCACAT) (4).
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Figure 2. Gel electrophoresis of the Flo11 domain in four 
brewing strains. K-97 and BSI-550 show bands around 0.8 kbp
while US-05 and S-11 show no bands. The ladder is NEB 1kb. 
Figure 1. Gene map of Flo11 domain with PCR primers. Primers are as follows: FLO11_21F 
(CGCTTATTTGGTCCTTTCGC) and FLO11_787R (AGTGGTTGGTGTAGCAGGAG). These primers 
were provided from SGD. 
Figure 4. Multiple protein alignment of the Flo11 domain from BSI-550, K-97, and 288C strains. 
There are six amino acid changes where BSI and K-97 are identical but are different from 288C. The 
colored boxes indicate where amino acids are not conserved between the strains. The * indicates 
conserved amino acids. ▢ =  polar, ▢ =  non-polar, ▢ =  +charge, and ▢ =  --charge.
Figure 5. Multiple protein alignment of the beginning repeat section of the Flo11 gene from BSI-
550, K-97, and 288C strains. There are twenty-five amino acid changes where BSI and K-97 are more 
similar than to 288C. The red boxes indicate where amino acids are not conserved between the 
strains. The * indicates conserved amino acids and the – indicate gaps. 
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Future Directions
 Further sequencing of the entire Flo11 gene
 Genetic modifications of the Flo11 domain 
tested by flocculation assays
Figure 3. Pairwise alignment of Flo11 protein sequence 
against itself. Repeats begin around the 200th amino acid (5). 
